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@ A method for detecting motion in a video signal

@ It is presented a method for detecting motion in an interlaced video signal. The method can be used for
generating new lines between the lines in a field. First it is calculated a difference signal across an image. This
difference signal, which gives the minimum motion region of the location examined, is expanded horizontally
using edge information calculated from two successive fields. The edge information may be determined with any
known method or with the method presented here. In the post-processing of motion information all one-line-high
motion regions are removed and indefinite motion regions are smoothed.
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The invention relates to a method for detecting motion in a video signal between two successive
cophasal fields, using two field memories.

Motion is a relative concept: motion is proportional to the position of the observer with respect to the
object. If the position of the observer with respect to the object remains unchanged, then the object is not
moving in relation to the observer. On the other hand, if the position of the object changes with respect to
the observer, then the object is moving. Motion and, hence, detecting motion correctly, play a crucial part in
processing a video signal.

The left part of Figure 1 illustrates horizontal motion of a thin vertical bar in 3-dimensional space as a
function of x, y and t coordinates. The third spatial coordinate z remains zero all the time since the motion
takes place on a plane with respect to the observer. In an analog, continuous form the motion draws an
uninterrupted track in space as depicted in the figure; it corresponds to the interpretation of motion by the
eye and brain. The right part of Figure 1 illustrates the sampling of the motion. The uninterrupted motion
track becomes a sequence of samples of 2-dimensional projection planes. This shows that motion detection
is also closely related to the processing of video signals.

Many image improvement algorithms are preferably designed adaptive to motion: if there is local
movement in the image, it is advantageous to process the image spatially, whilst in a non-moving location
temporal processing will yield a better result. The objective is of course simplicity of implementation and
reliability of detection. The purpose of motion detection is only to find the moving parts of an image, not fo
estimate the direction and extent of the motion, which is done in motion estimation. We may take the
difference signal (absolute difference and thresholding or equality of the most significant bits) between two
successive images as a starting point for motion detection. If there is motion in the image, it probably
produces a great difference in the luminance value at the location of movement - in static locations the
luminance is likely fo remain unchanged. However, a signal between successive fields of an interlaced
video signal is not suitable for a difference signal since these fields are spatially from different locations.
Therefore, a difference signal has to be formed across an image so that it is possible o compare pixels of
the same location. Such pixel-specific signal across an image is also called a local movement detector.
Those so-called motion detectors that are not based on this local movement detector, but which attempt to
detect motion from successive fields at different locations, are not really motion detectors at all.

In most cases, detectors operating with a one-field memory attempt to detect a horizontal edge from
successive fields since motion produces in an interlaced signal a strong combing effect, in which the teeth
of the comb are caused by the motion. An obvious disadvantage in this detection is that it cannot
distinguish a stationary horizontal edge from an edge caused by motion, because horizontal edges have a
high vertical frequency, about 288 c/aph. Therefore, all high vertical frequencies are considered moving,
which causes clearly visible errors. For example, in an interlaced-to-progressive conversion (IPC) a "motion
detector" like the one described above has no advantage over basic median filters, as median filters
automatically detect horizontal edges.

Let us next consider motion detection in connection with the IPC. It is known that in a non-moving part
of an image it pays to perform the interpolation temporally: e.g. by repeating the pixel from the preceding
field at the same location. In a moving part it pays to perform the interpolation spatially, by means of the
pixels inside the field. This is described in more detail with reference to Figure 2.

The left part of Figure 2 shows parts of three successive fields on top of each other in which it is shown
a scanned vertical bar moving horizontally from left o right. It is assumed that the missing lines of the field
(t) have to be interpolated. Then the motion information corresponding to the missing lines is formed from
the lines of the preceding field (i-1) and the next field (t+1) (motion = black, static = white). The position
of the bar in the field (i-1) produces a high difference signal in the left edge and, correspondingly, the
position of the bar in the field (t+1) produces a high difference signal in the right edge of the image. The
difference signal is represented by the field in the middle. The position of the bar in the field (i) is, however,
not detected. When according to the difference signal it is interpolated new lines between the lines in the
field t, the result is the rightmost field in the figure. It is seen that the interpolation leaves obvious errors in
the image: the interpolation should produce a continuous black bar at the center instead of a broken one.

In fact, the problematic situation described above is in no way limited to a vertical bar moving
horizontally, but all those locations in the field (i) in which the moving object is not during the field (t-1) or
field (t+1) are left undetected. The problem is caused by a sampling frequency too low. The problem can
be partly solved by adding one field memory to the system and calculating the difference signal from the
field (f) to field (t-2). However, there is the problem that one more field memory makes the method
unsuitable for current televisions with one frame memory (= 2 field memories). Furthermore, even a second
difference signal will not guarantee fully reliable detection.
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Figure 3 shows a block diagram of a known motion adaptive IPC method in which an interlaced PAL
signal is converted fo a non-interlaced one. It uses two field memories, an interpolator block, edge detector
and a motion detector. At moving locations interpolation is done spatially according to the edge information
calculated by the edge detector, and in static locations interpolation is done temporally by copying the pixel
from the preceding field. The edge information may be formed e.g. with a method according to the patent
application FI-916195, but another intrafield method will also do. In this case, the interpolation of static
locations requires no additional information, and it is done temporally in a fixed manner with pixel repetition,
for example.
Figure 4 is a block diagram of an NDHD (normal to high definition) conversion. It is an improved version
of the arrangement according to Figure 3 presented in the patent application FI-293808, including now both
motion detection and edge detections - one for moving and one for static regions. The edge detection and
interpolation for static regions may be performed e.g. with a method according to the patent application FI-
921676; correspondingly, the method of the patent application FI-293808 is suitable for moving regions.
The arrangements according to Figures 3 and 4 are just examples of motion adaptive applications using
motion detection, but other image improvement applications, too, can benefit from the motion information;
€.g. noise suppression, elimination of cross errors.
It is a disadvantage of the known methods described above that motion detection is performed between
successive fields. It has been found that the detection requires at least two field memories to function
satisfactorily. By increasing the number of field memories the detection can be improved, but due to the
price of the memories it is an expensive solution. This invention is a new motion detection method that
requires no more than two field memories but has proved to be quite efficient.
It is characteristic of the invention that a difference signal across an image which defines the minimum
motion region is expanded horizontally using edge information calculated from two successive fields. So,
the edge detector is based on a thresholded difference signal between successive odd or even-numbered
fields defining the minimum motion region, and on a controlled horizontal expansion of the minimum motion
region according to horizontal edges. Indefinite motion regions are smoothed in the motion information post-
processing.
It is possible to have only two field memories and yet achieve a good result, if one little compromise is
accepted: that horizontal static edges near to motion, but not, however, single horizontal edges, are
interpreted moving.
The method comprises the following phases:
a) It is found in the difference signal across the image the locations that exceed a certain threshold
value. These locations are interpreted moving, and they are called moving pixels.
b) It is found in an image forming two successive fields the horizontal edge locations. Here, edges
produced by motion as well as real horizontal edges are detected as edges. These locations are called
edge pixels.
c) The motion region is expanded according to the moving and edge pixels as follows: It is counted the
number of moving pixels on one line in the region x-v, ..., x+ v. In addition, it is counted the number of
edge pixels in the region x-u, ..., x+u. A suitable value for v is about 15 and for u, about 2. If
simultaneously the number of moving pixels and the number of edge pixels is greater than a preset
value, e.g. 1, the pixel is interpreted moving.
d) Improvement of motion information is performed through post-processing.

Below, the invention is described with reference to the enclosed drawings where
Figure 1 illustrates continuous and sampled motion,
Figure 2 illustrates the movement of a thin vertical bar in the fields,
Figure 3 shows a block diagram of a motion adaptive IPC conversion circuit,
Figure 4 shows a block diagram of an NDHD conversion circuit,

Figure 5 illustrates the lines and fields used for detecting moving and edge pixels,
Figure 6 shows a horizontal edge detector,
Figure 7 illustrates the expansion of motion region according to moving and edge pixels, and

Figure 8 shows a post-filtering window.

Now referring to Figure 5, in which it is considered same positions at different moments of time. The
video signal is interlaced. When the field -2 is swept, the pixel information will be in the same horizontal
position of lines y-1 and y+1, one below the other in the figure. During the next field t-1 it is swept new
samples for lines y and y +2, between the ones mentioned above. Again, during the next field it is swept
samples for lines y-1 and y+1 in the same horizontal positions as during the field t-2. In a corresponding
manner, during the field t+1 it is swept the same positions as during the field t-1. In Figure 5, the "frame
difference" arrow refers to the difference across the image, ie. how the pixel value in one position is
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changed after a time the duration of which corresponds to the image frequency. According to the first phase
of the invention it is calculated for all samples the above-mentioned frame difference signal, and it is found
the locations in which the signal exceeds a preset threshold value k1. These positions will be interpreted
moving and they are called moving pixels (moving__pixel).

Thus, a mathematical expression for the first phase is:
if [s(x.y,t-1) - s(x,y,t+1)] 2 K1, then m(x,y,t) = moving__pixel,
where s(x,y,t) is the luminance value of the pixel in field {, line y, position x, and m(x,y,t) is the motion
information associated with this pixel.

A suitable threshold value ky is about 12.

In the second phase, which in practice is performed simultaneously with phase 1, it is found the
horizontal edge locations in an image formed by two successive fields. Edges produced by motion as well
as real horizontal edges are detected as edges. The pixels are called edge pixels (edge__pixel). The cross
detection mask shown in Figure 6 is used as detector. Samples from the same horizontal position from two
successive lines y-1 and y +1 in field t are taken to the top and bottom rows of the mask, each comprising
one sample location. To the middle row it is taken three successive samples of the previous field t-1 swept
between these lines, the middlemost of which has the same horizontal position as the samples in the top
and bottom rows of the cross. With the detector it is found the maximum for the values: the difference of
the top and middle samples in the window, the difference of the middle and bottom samples in the window.
From the maximum value it is subtracted the difference of the maximum sample and minimum sample in
the middle row. The result is marked hor__value. If this value exceeds a preset threshold value k2, it is
interpreted an edge pixel.

Mathematically, the above is expressed:

hor value = max[|s(x, y-1, 1) - s(x, y, 1-D)|,Is(x, y, 1-1) - s(x, y+1, D|] -
range[s(x-1, y, 1-1), s(x, y, t-1), s(x+1, y, 1-1)]
if (hor_value 2 kj)
then e(x, y, 1) = edge pixel,
where max( ] is the maximum of inputs,
range[ ] is the difference of the maximum and minimum of inputs,
e(x, y, 1) is the edge information associated with location x, y, .

As a result of the performed first and second phases it is obtained for each pixel preliminary information
about whether it is a moving or an edge pixel. The third phase is to expand the motion region. It is
expanded according to the moving and edge pixels. The expansion is described with reference to Figure 7.
In the figure, a question mark (?) marks the location the motion information of which is to be examined. It is

counted the number of moving pixels [m(x,y,t) = = moving_ pixel] on one and the same line in the region
X-V, ..., x+v. The resulting number is marked "Countmotion_pixel”- I addition, it is counted the number of
edge pixels [e(x,y,t) = = edge_ pixel] in the region x-u, ..., x+u. The result is marked "countegge pixel”-If

simultaneously the number of moving pixels and the number of edge pixels in the region is greater than 1,
the pixel is considered moving. A suitable value for v is about 15 and for u, about 2.

Mathematically expressed, the expansion in the region is:
if(COUntmotion_pixel > 1) AND (Countedge_pixel > 1)
then m(x,y,t) = motion__pixel.

In Figure 7, a question mark (?) marks the location the motion information of which is to be examined.
In the figure it is again considered the case of the vertical bar. During the field (t-1) the bar is in the left, at
the location x-6/x-5, and it moves to the right, and is during the field (i + 1) at the location x +6/x+7. These
locations are well detected by means of the difference signal, and they have been marked as moving pixels.
At the same time the edge pixels have been examined by means of an operator according to Figure 6, and
it has been observed that there is an edge pixel at the location x/x+1. Then the motion region can be
expanded by connecting it to the edge pixels.

The critical value is v, which indicates how far motion is searched for. In practice, movement greater
than 15 pixels/field is rare, and that is why it has been selected as limit. Thus, by changing the value of v it
is controlled how quick a movement it is possible to detect but also how wide the region in which incorrect



10

15

20

25

30

35

40

45

50

55

EP 0 687 105 A2

detection may occur.

Now referring to Figure 8. Motion information, like other control information, must generally be
improved, or post-processed. That means filling out single holes or removing single pixels. In the post-
processing it is examined regions of a selected size, e.g. 5x3 regions. Post-filtering of the motion detection
described above is done on three successive lines of one field; in the figure, on successive lines y-2, vy,
y+2 of field t. In the window, the size of which may be e.g. 53, it is examined how many moving pixels
there are in it. If there are less moving pixels than the preset condition, then the middlemost pixel in the
window is considered not moving. If, in the case presented by Figure 8, in which there are 15 samples in
the window, there are e.g. three or less moving pixels, then the middlemost pixel examined is not moving.

Post-processing done in a 5*3 window can thus be divided into the following phases:

1. In the 5*3 window it is counted the total number of moving pixels (countq) in the whole window (max

= 15).

2. If the county; is 0 or 1, location x,y is removed from the moving pixels group.
3. If the county is 5 and the moving pixels are in the same row (if window width is 5), then location x,y is
removed from the moving pixels group.

Otherwise, location x,y can be considered a moving pixel.

Phase 2 of this post-filtering improves the noise tolerance of the system and reduces coupling errors. In
phase 3, all one-line-high moving lines are converted into non-moving. This reduces expansion of the
motion region into static regions. It should also be noted that the processing mentioned above expands the
motion region always when the conditions are met and location x,y was not originally a moving pixel.

It is also possible to implement the invention within the scope of the invention in ways other than the
one described above. So, the detection of a horizontal edge may be performed in a way different from the
one presented here. It may be done in the way shown in the patent application FI-921676, which deals with
an application similar to the one illustrated in Figure 4, or another known edge detector, say, a Sobel
detector, may be used for it. Of course, post-processing can be done in a way different from the one
discussed above, but yet in a manner such that all single moving lines are converted into static ones. Thus,
in the vertical direction there has to be movement on at least two successive lines for the middle point in
the window shown in Figure 8 to be interpreted moving. All threshold values are selectable and it is
possible to make them adaptively controlled.

Claims

1. A method for detecting motion in an interlaced digital video signal, with which method it is obtained
information about whether there occurs in the field (f) motion at the examined location (x,y,t) of a new
line (y) generated between two lines (y-1, y +1) successive in the vertical direction,
characterized in that for each examined location (x,y,1):

a) it is calculated the difference signal between the pixel in the preceding field (t-1) in the position
(x,y) of the location examined and the pixel in the next field (t+1) in the position (x,y) of the location
examined, and the difference signal is compared to a preset threshold value, and if the difference
signal exceeds the first threshold value, the location (x,y,t) examined is called a moving pixel,

b) it is found in the image constituting the field t and the preceding field t-1 the horizontal edge
locations, and if there is an edge at the location (x,y,f) examined, the location is called an edge pixel,
c) it is counted in a first region (x-v, ..., x+ V) the number of moving pixels on the new line (y)
generated and, in a second region (x-U, ..., X+ U), the number of edge pixels, and if simultaneously
the number of moving pixels and the number of edge pixels is greater than a second threshold
value, it is interpreted that there is motion associated with the location (x,y,f) examined.

2. The method of claim 1, characterized in that the first threshold value is about 12.

3. The method of claim 1, characterized in that the horizontal edge locations at the location (x,y,t)
examined are determined by calculating the value HOR as follows:

HOR = max[[s(x,y-1,t)-s(x,y,t-1)}|s(x,y.t-1)-s(x,y + 1,1)|]] - range[s(x-1,y,t-1), s(x,y,t-1), s(x + 1,y,t-1)]

where max{ ] is the maximum of inputs,

range[ ] is the difference of the maximum and minimum of inputs,

and if the value HOR is greater than a preset third threshold value, the location examined is called an
edge pixel.
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The method of claim 3, characterized in that the third threshold value is about 8.

The method of claim 1, characterized in that the first region comprises 15 locations and the second
region comprises 2 locations on both sides of the location (x,y,t) examined and the second threshold
value is 1.

The method of claim 1, characterized in that when motion information has been obtained for each
location (x,y,f) examined, it is performed post-processing in which the motion information of the
examined location is compared to the motion information of the examined locations in the neigh-
bourhood.

The method of claim 6, characterized in that 3 successive new lines are taken simultaneously to an
M*3 window, there being then, in each row of the window, M pieces of motion information associated to
successive locations of one line, and the final motion information of the examined location (x,y,t) in the
center of the window is determined as follows: it is calculated how many locations in each row of the
window indicate motion associated to the location, it is counted the number of the locations in the
window to which motion is associated, and if the number is 0 or 1 or if the number is M and there are
at least in one row M locations to which motion is associated, then it is interpreted that no motion is
associated to the location (x,y,t) examined.
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